Abstract-We have investigated existence condition of lossless Dyakonov surface waves (DSWs) on nanoparticle dispersed liquid crystal (NDLC) metamaterials composed of nematic liquid crystal host dispersed with Ag nanoparticle inclusions. Effective dielectric permittivities of NDLCs are obtained by an extended Maxwell-Garnett mixing rule. We have shown that the existence condition for DSWs can be significantly relaxed allowing even air cladding. Our approach may open a new avenue exploring practical application of lossless DSWs with switching capabilities.
Electromagnetic surface waves have been extensively studied from academic interests and for technical applications [1] . Among various types of surface waves, Dyakonov surface waves (DSWs) are unique since they can be supported at the interface of two lossless dielectric media, in which at least one of them has to be anisotropic [2, 3] . In the simplest case, when one of dielectrics is isotropic with dielectric permittivity ε c and another is uniaxial with positive birefringence with ordinary and extraordinary dielectric permittivity of ε o and ε e , respectively, the existence condition of DSWs should be,
This condition is usually hard to meet and allows DSWs to propagate only in a narrow angular range typically less than 1°, called angular existence domain, which makes the observation of these waves quite challenging. Therefore, although the existence of DSW was theoretically predicted decades ago [2] , it was only recently that DSW was experimentally observed [4, 5] . Many efforts have been devoted to relax the existence condition of DSWs and expand angular existence domain utilizing wide variety of optical metamaterials [6, 7] . However, manufacturing such subwavelength structures are still challenging even with current state-of-the-art micro-fabrication technologies. Therefore, an alternative approach capable easy manufacturing is demanded.
Here we show that nanoparticle dispersed liquid crystals (NDLCs) can be utilized to support DSWs and it is beneficial for relaxing stringent existence conditions and suitable for practical applications [8] . In modeling effective dielectric permittivities of NDLCs, we have utilized an extended Maxwell-Garnett mixing rule [9, 10] . We have verified that NDLCs can have dielectric, metallic or indefinite characters due to their strong dispersion and anisotropic characteristics. We have also shown that the existence condition of DSWs can be significantly relaxed in anisotropic dielectric regime at particular wavelength range, and angular existence domain of more than 6° can be achieved with only 0.05 filling fraction of Ag nanoparticles. The orientation of liquid crystal molecules can be reoriented with only a few V, which may enable us to develop novel type of optical devices with switching capabilities based on lossless DSWs and our approach may open a new avenue exploring technical application of lossless DSWs. Figure 1 . Schematic of the system under investigation, consisting of an isotropic cover material with dielectric permittivity of ε c and a substrate of Ag nanoparticle-dispersed liquid crystal (NDLC) with extraordinary and ordinary dielectric permittivities of ε e and ε o , respectively. The optic axis (OA) of NDLCs lies in the interface plane (y-z plane). DSW propagates along the z direction forming an angle θ with the OA.
